The present paper describes a geomorphological map of the Montejunto massif protected area located approximately 50 km to the north of Lisbon, Portugal. The map is based on large-scale field surveys at the scale of 1:10,000 and is published at the scale of 1:20,000. Symbols and legend organization follow the work of Tricart (1970) and Pellegrini et al. (1993) . Landforms and processes are grouped according to their morphogenesis and are represented with different colours: Brown -Structural and tectonic-controlled landforms; Purple -Karst and fluvio-karst landforms and deposits; Red -Gravity-induced landforms and processes; Green -Landforms, processes and deposits formed by running water; Blue -Hydrography; Black and Grey -Anthropogenic landforms. The objective of this map is to provide information on the landforms and deposits present in the protected area, allowing it to be used as a baseline for the study of landscape evolution or support guidelines for territorial management and planning.
Introduction
The Montejunto massif is located 50 km to the north of Lisbon and is integrated in to the Portuguese network of protected areas. Important contributions in the field of tectonics, stratigraphy and geomorphology have been published over the last 100 years (Choffat, 1880; 1884; 1891; 1928; Appolinário, 1897; Daveau, 1966; 1973; 2004; Zbyszewski et al., 1966; Ellis et al., 1990; Leitão, 1998; Curtis, 1999; Ferreira, 2005; Crispim, 2008; Fonseca, 2009 ). The first geological map was published by Zbyszewski et al. (1966) and the first morphological sketch was published almost 40 years later (Crispim, 2008) . The objective of the present map is to provide information on the landforms and deposits allowing it to be used in different fields of research, supporting landform interpretation and management of the protected area.
Methodology
The production of the geomorphological map was divided into four phases: 1) Base map production and digitisation of the geological information; 2) Photo-interpretation at the scale of 1:15,000; 3) Field survey and mapping at the scale of 1:10,000 and digitisation of the geomorphological information; 4) Introduction of all thematic layers in to graphic design software for the production of the final map.
Bedrock lithology and tectonic structures are based on Zbyszewski et al. (1966) , Ellis et al. (1990) and Curtis (1999) . Base map information (20 m contour lines and anthropogenic landforms) was extracted from the Carta Militar de Portugal (sheets 350, 351, 362 and 363 -scale of 1:25,000). Georeferencing of aerial photographs and aerial photointerpretation was performed using the "Epipolar Stereo-pair" tool in Ilwis 3.4. Two aerial photograph series and one orthorectified image were used (FAP Flight n • 9, scale 1:25,000 1967 and FAP Flight n
• 36, scale 1:17,000, 1987; IGP Orthorectified image 2007, resolution 0.5 m RGB. Sheets 350, 351, 362 e 363) to create a preliminary geomorphological map, to support field surveys and to establish a base timeline for the activity status of gravitational landforms and processes. Landforms and processes showing signs of activity prior to 1987 were considered as dormant and those after 1987 where considered as being active.
The 1:10,000 scale topographic maps of the Association of the Western Municipalities (SN10K -AMO/IGP) were used as field maps superimposed over the geomorphological information extracted during photo-interpretation. All data collected in the field was digitalized using Ilwis 3.4 and exported in ".eps" file format to FreeHand MX graphic design software.
The final phase consisted of map design. Symbols and legend organization follow the work of Tricart (1970) and of Pellegrini et al. (1993) , where landforms and processes are represented with different colours according to their morphogenic group: Brown -Structural and tectonic-controlled landforms; Purple -Karst and fluvio-karst landforms and deposits; Red -Gravitational landforms and processes; Green -Landforms, processes and deposits formed by running water; Blue -Hydrography; Black and Grey -Anthropogenic features. Tonal variations within the same morphogenetic group provide an indication of the degree of activity of surface processes. Patterned polygons are used to represent surface deposits. The symbols where chosen according to the final scale of the map. The majority of the symbols used in the map where extracted from Pellegrini et al. (1993) with the exception of fluvial and karst landforms which follow the work of Tricart (1970) . Bedrock representation is according to Pellegrini et al. (1993) where emphasis is given to chronology rather than lithology. The final map was transcribed to a smaller scale than that of survey (1:25,000) using a 20 m contour line interval with spot elevation.
Geological and Geomorphological overview
The Montejunto massif forms an overall NE-SW anticline structure placed at the southern termination of a sinistral transpressive fault system (Curtis, 1999) . Although it presents a mean altitude of 400 meters (maximum of 666 meters), relief amplitudes over 150 to 200 meters associated with vertical slopes coincident with fault traces outline the importance of tectonics on the overall morphology of the massif (Fonseca, 2009 ). Faults depicting a bimodal orientation with NE-SW to E-W and NW-SE trends played a crucial role in the structural and geomorphological evolution of the massif through fault block tectonics. Furthermore, contrasting differences in bedrock lithology exert a strong control on landform distribution and on drainage network evolution and orientation (Fonseca, 2009 ).
Bedrock lithology is related to the carbonate sedimentation which occurred from middle Jurassic to upper Cretaceous during the formation of a passive margin and opening of the Atlantic Ocean. The oldest rocks to outcrop are the compact sublithographic limestone and the oolitic, coral and marl limestone of Batonian to Oxfordian, followed by the marls, clays and marl limestone with oolitic and reef limestone and sandstone intercalations of Kimmeridgian to upper Tithonian age. The upper Cretaceouse (coarse sandstone with clay and conglomeratic intercalation) rests unconformably upon the Oxfordian and Kimmeridgian age formations (Zbyszewski et al., 1966) . The upper Cretaceouse (dolomitic limestone), together with the Paleogene (marls and limestone conglomerates) and Miocene (sand, clay and marl with quartz and feldspate pebbles) age formations, outcrops along the eastern flank of the massif affected by NE-SW faul-ting. Evidences to recent tectonic uplift are present through sand deposits (possibly Pliocene -lower Quaternary sand dune) placed above 300 meters (Daveau, 1973; 2004) .
Geomorphological map description

Structurally controlled and tectonic landforms
The structurally controlled landforms result from differential erosion acting upon resistant and less resistant strata. Along the margins of anticline folding Chevron features and structural ridges are exposed by karsification and slope processes and by drainage network incision ( Figure 1A ). In association with the contrasting lithological differences of the Kimmeridgian marls to upper Tithonian sandstone formations, the southwestern sector of the study area is characterized by a sequence of homocline ridges (hogback, crêt and cuesta) separated by orthoclinal valleys ( Figure 1B ). These landforms are affected by faulting causing changes in dip and strike of bedrock strata. Due to a prolonged and complex tectonic evolution, fault scarps and fault line scarps are difficult to distinguish, compounded by the fact that fault traces are normally coincident with lithological transitions. Dissymmetric anticline folding and flexure scarps tend to present a ENE-WSW to E-W and NW-SE orientation defining two structurally controlled morphological steps between Quinta da Serra, Espigão and Plainos.
The structural control imposed upon the drainage network is evident through fracture valleys and through the presence of fluvial knicks upon resistant strata. 
Karst and fluvio-karst landforms and deposits
Karst and fluvio karst landforms occur in association with the limestone formations of Batonian to Oxfordian age. Closed and open depressions tend to develop along tectonic structures and bedrock strike, ranging from 500 to 20 meters in diameter (Figure 2A ). Due to uplift, karst depressions in the vicinity of fault scarps are deeply incised by fluvio-karstic processes and are captured by the drainage network ( Figure 2B ). Karst fill sediments tend to be a mixture of terra rossa, sand and occasional pebbles covering from large depressions to small karren features.
Caves and potholes are widely distributed over the Protected Area, particularly along the eastern boarder of the massif. Exurgences are functional during the winter and beginning of spring and are located at the base of fault scarps and valley bottoms along the tectonic and lithological boundary between the Bajocian to Oxfordian limestone formations and the marls, clays and conglomerates of Kimmeridgian to Miocene age. 
Gravitational landforms and processes
The distribution, size and typology of gravity-induced landforms are largely controlled by the litho-structural context and slope angle. Rock falls and individual block falls tend to occur in association with fault scarps and fault line scarps and structural and homocline ridges. Block slides are limited to the southwestern sector of the study area along the margins of anticlines or along the lower sections of homocline ridges. Along the base of fault/fault line scarps it is possible to find fallen blocks connected to prolonged rock fall activity forming talus deposits. Different types of slides can be observed within the study area. Nevertheless their distribution is strongly correlated with the occurrence of the marl, clay and marl limestone of Kimmeridgian age. Rotational slides tend to concentrate along anti-dip and glacis slopes where coluvial deposits are thicker. Translational slides are most common along dip and near dip slopes. Superficial slides occur where the marl and clay strata or the coluvial deposits are thinner. The term complex landslide is used to describe those in which rotacional/translational and flow components are found. These landslides and the areas affected by deep-seated slope movement are limited to the northern flank of the Penedo dos Ovos anticline (Figure 3) . The scree, together with solifluction and debris flow fan deposits, is considered to be geomorphological evidence of slope response to paleo-environmental conditions during the Quaternary (Rodrigues and Fonseca, 2007) . Scree deposits are located at the base of fault and flexure scarps and structural ridges (Figure 1 ). The solifluction deposits occur south of S. João and west of Moinho do Céu and Penha do Meio Dia. The debris flow fan has its apex near Penha do Meio Dia ending south of Prangança village.
Landforms and processes formed by running water
Active soil erosion processes (rill, gully and badlands erosion) are limited to the marl, clay and marl limestone of Kimmeridgian to upper Tithonian age and are normally associated with less densely vegetated areas or abandoned agricultural fields.
Valleys within the Batonian and Oxfordian limestone tend to be deeply incised. The shape of valley bottoms depends on the distribution and extension of both slope and alluvial deposits: 1) valleys with coluvial fill and glacis slopes tend to have a "U" shaped form; 2) valleys with scree slope margins tend to have a "V" shaped form; 3) valleys with alluvial fill tend to be flat-floored valleys. Valley narrowing is commonly found along cataclinal valleys. Flat orthoclinal valleys are affected by seasonal flooding.
Complex landforms
Where the combination of vertical to near vertical limestone strata and low angle slopes (< 5
• ) occurs karren features are poorly preserved. Frost action and dissolution processes together with anthropogenic intervention (i.e. fire, grazing) lead to the formation low angle slope deposits containing sharp limestone blocs resulting from the destruction of karren ground (Figure 4 ). 
Anthropogenic features
Within this protected area the nature of bedrock lithology favours quarrying activities for the extraction of limestone and gravel from surface deposits. Several quarries can be found along the north-western sector of the protected area. Evidence of extraction are also visible through anthropogenic scree deposits and bolder piles scattered throughout the protected area.
Conclusion
The geomorphological map of the Montejunto massif portrays the distribution of landforms, processes and deposits found within this protected area, allowing it to be used as a tool for the study of landscape evolution as well as for environmental management and planning. A complex tectonic evolution combined with differential erosion by karst and fluvial processes along contrasting lithology have led to an anticline, fault scarp and homocline ridge dominated landscape. Strong fluvial incision and capture of karst landforms along the Batonian to Oxfordian age formations can be interpreted as indirect evidence of intense tectonic uplift of the massif (Fonseca, 2009) . Present day evolution is characterized by small-scale rock falls along scarps and ridges and by slides affecting the marl, clay and marl limestone of Kimmeridgian age.
One of the important contributions of the present map is the location and distribution of sand deposits described by Daveau (1973; 2004) . These where mapped during field survey as they where not observable on aerial photographs due to dense vegetation cover. Hopefully, this publication will motivate research to perform sedimentological analysis of these sand deposits in order to fully grasp their paleo-environmental and tectonic significance.
Software
Geo-referencing and digitisation of the cartographic information and digital photointerpretation was carried out using Ilwis 3.4. The design of the final map was performed using FreeHand MX.
